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SUMARY

Purpose: to find ways to prevent vesication and poisoning caused

by arsenicals.

Major method up to this stage: Protection of mice against the

lethal effects of sodium arsenite.

Summary of results: Part I - PROTECTION OF MICE AGAINST THE LETHAL

EFFECTS OF SODIUM ARSENITE BY 2,3 DIMIERCAPTO-l-PROP.ANE-SULFONIC ACID

.ND DI..RCAPTOSUCCINIC ACID

2,3 Dimercapto-l-propane-sulfonic acid (DMIPS), was used by the

Soviets since 1956 and virtually unknown in the United States, is a water

soluble analog of British Antilewisite. DMPS and dinercaptosuccinic

acid (DMSA) are active orally for the protection of mice against the lethal

effects of sodium arsenite. They are effective whether given before or

after the administration of NaAsO,. Although D-penicillamine and N-acetyl-

DL-penicillamine are useful in the treatment of poisoning by other heavy

metals, they are devoid of any protective action under these conditions.

Part II - A QUA.NTITATIVE COMPARISON OF A NUMBER OF CHELATING AGENTS

The LD50 of NaAsO, is 0.129 mmol/kg, sc, using white mice. The ip

administration of the sodium salt of 2,3 dimercapto-l-propanesulfonic acid

(DIPS) or meso-dimercaptosuccinic acid (DMSA) (0.80 mmol/kg) immediately

after and 90 min after NaAsO 2 increases the LD50 of NaAsO2 about 4.2-and

4.4-fold, respectively. Neither D-penicillamine nor N-acetyl-DL-penicill-

amine affects the LDS0 of NaAsO under the same conditions. The LDSO of

DMPS and DMSA in mice is 5.2 and 13.58 mmols/kg, ip, respectively. The

Effective Dose 50 for treating mice 10 min after receiving an LD100 of

NaAsO 2 (0.15 mmol/kg) is 0.066mmol/kg for DNPS and 0.065 mmol/kg for DMSA.
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The therapeutic index of DMSA against 0.15 .nmol/kg NaAsO, is 209. This

is 2.6 times greater than that of DPS. The explanation for this difference

is that although DMSA is as effective as DMPS, it is less toxic. The

LDSO of NaAsO, was not increased by sodium diethyldithiocarbamate, a-mercap-

topropionylglycine, DJ.-N- acetylhomocysteinethiolactone or monomercapto-

succinic acid. A series of polymercapto compunds, some having as many as

four mercapto groups per molecule also did not protect against the lethality

of NaAsO,. There is extensive experimental and clinical information

about DIMPS and DMSA available in the Soviet and Chinese literature where

these agents are known as Unithiol or Unitiol and succimer, respectively.

We have had many of these papers translated for the US.M'IRDC.

CONCLUSION - It would appear that DMPS and DMSA warrant further

experimental studies and eventually clinical trials for the treatment of

intoxication by arsenic, especially against lewisite gas. These agents

have been used in human therapy in the Soviet Union and China. Soviet

investigators and West German investigators have recommended that it

replace BAL for t-eatment of heavy metal poisoning.
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FOREWORD

In conducting the research described in this report, the investigator(s)

adhered to the "Guide for the Care and Use of Laboratory Animals," prepared

b,- the Committee on Care and Use of Laboratory Animals of the Institute of

Laboratory Animal Resources, National Research Council (DHEW Publication

No. (NIH) 78-23, Revised 1978).

Citations of commercial organizations and trade names in this report do

not constitute an official Department of the Army endorsement or approval of

the products or services of these organizations.
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r: Tr3 D'CTI3.i

I nunb-.r of .eal bin'in3 a3ents have been available in the past for

the treatment of heavy netal intoxication. For exanple, Jinercaprol (3AL)

(1), polyaminocarboxylic acids (?), D-penicillanine (3), and

1-acetyl-OL-penicillanine ('4) are used for the treatmnent of hu:mans

intoxicated by arsenic (5). leadi (5), copger (3), -nercury (7), or other

heavy :netals. Some of these drugs, however, are far froan ideal. Since

1943 in the U.3., 3AL has re.ained the Jrug of choice for the treatment of

arsenic poisoning (5), but it has many disadvantages. It is not effective

*oy nouth; its injection, im, is painful; 3nd toxic reactions to it 3re not

unconmon. In the case of the polyaninocarboxylic acids, -nost of them are

ineffective Wnen 3iven by mouth. D-penicillamine has been life savin3 in

the treatment of the inherited disorder hepatolenticular degeneration (3).

After a nunber of years of clinical use, however, it is now evident that

D-penicillanine exhibits serious nephrotoxic signs in some patients (49).

Thus, there still remains a need for nore specific, less toxic, orally

active metal binding a3ents for use in experimental and clinical situations

as well as against arsenic containing chemical warfare agents.

Recently, in Western Europe and the United States, there has been a

rediscovery of and an increasing interest in the sodium salt of 2,3

Iinercapto-1-propanesulfonic acid (DAP3), a water soluble analog of the

lipid soluble BAL. The synthesis and metal binding activity of this

compound have been reportel by Petrunkin (9) in the Soviet Union. Since

then, the activity of DAPS in treating intoxication by a number of

different heavy setals has been reported, extensively, in the Soviet,

Eastern European., and Chinese literature. It has been shodn to be

-6-



effective in humlans when given either by nouth, injection, or aerosol (13).

It '1s beZen al3iimed to be an efficient in tiJote against nercury (1),11,12),

arsenic (13), cobalt (14), orianic lead (15), polonium (16), 2hromin (17),

silver (13), ind copper (19).

D1P3 was unavailable in th. dest until its recent production by Heyl

and Co. Its recant availability us encouraged investigators in Wast

5-er'i3ny, lorway and the U.3. to study the dru3 with renewed interest. T1h

studies by Soviet investigators have been confirmed and extended in the

case of nercury (23.21,22), arsenic (23), and cainiu (24). A

pharmacokinetic study of this dimercapto compound has been reported by

Kli-iova (25) and 3abard (25). T'ne latter paper deals with the absorption

and distribution of this water solublZ M.L analog. In addition, the

extracellular distribution of DAPS is denonstrated.

Another water soluble analog of BAL, neso-dimercaptosuccinic acid

(TISA) was first used in 1954 to increase the uptake of antimony in

schistosoniasis therapy (27). The first report of its use to treat

occupational intoxication by ,etals was from Peking and Shanghai in 1965 by

Shih-Chun et al. (23). They reported that, in humans, DSA was as

affective as Ca EDTA in the treatment of occupational lead poisoning and a3

effective 3s D'4PS in the treatment of occupational mercury poisoning,

judged by increases in the urinary excretion of the offending netal. Its

use in nice for acute and prophylatic treatment of arsenic poisoning was

reported from Sverdlovsk by Okonishnikova (29) in 1955. The effectiveness

of DNSA for treatment of mercury or lead intoxication has been confirmed

and extended by a nuber of groups (30,31,32) as it has for arsenic

(23,33), and for cadmiium or zinc (34). Pharmacokinetic studies of 3SS-D:4SA

in the rat have been reported by O2onishnikova 3nd Hirenburg (35) in 1974.

-7-



In the present paper, the relative affzctivenes3 of 3 lumber of net3l

binJing 33ent3, with prticular enphasis on DAPS anJ DISA, ir a valu3teJ

43antitatively 'y determining their activity in cnanginz the LD5) of :AAsJ

in nice. The therapeutic index of D:PS and DISA has been iet!r-ninad. In

addition, 3 nunoer of other aercapto compounds, including a series of

poly-nercapto agents, nave been tested for their activity in protecting nize

3jainst the lethal effects of *jaAs,.

'IATE~IAL3 A40 :4ET303 FDa ?ART I

DAPS, 3SA, 3AL, and I-acetyl-DL-pnicilla.nine were purc.hased fron

Alirich -h-enical Co. DAPS ias obtained also fron Heyl & Co., lest Berlin.

D-penicillamine was 3 3ift of Eli Lilly I Co. A CMB Reagent 3rade sodiu.n

arsenite was used.

Aale albino nice of the TEX: (IM) strain were purchased fron t

Ti.mco Breeding Labs, iouston, TX. 4fh.n used in the experiments, tniy

weighed approximately 25-33 g. Food (Wayne Lab-3lox) and tap water were

available ad libitum. However, if the chelating agent was to be given

orally, the aniMals were fasted for the previous 12 hours. The ani.nals

were maintained at 220C with 12 hours of alternating light and lark. The

anount of UaAs0 2 injected was equal to the approximate L0100. The

concentration of the 43AsO2Solution was such that a 25-g nouse received

3.350 ml. The water soluble thiol copounis were dissolved in 3.9% saline

imediately before use and the solutions were adjusted to pH 5.5. BAL was

1isso1ved in corn oil. The concentration of the thiol solutions was such

that a 25-g 'Rouse recaivel 3.10 ml by the intraperitoneal or oral roite.

For oral adninistration, curved 18 gauge oral feeding needles, pircnhsel

-8-



froa ?opper I, Sons, lew MiyJe Pork, I.Y., were J3e3d. "he axparimanrs are

pirfor-el on Jifferint Jays, with dif,erent batzhcs of animals, to zonfir,

and !xtend the results of previous axperiments.

"ATRIL3 AID META'iD3 FIR ?A3T 1I

Animals. ale nice of the Swiss CDL 3train (rando:nbred Albino) were

abtainid from Charles liver 'ouse Faris, Inc. At the time they were usel

in the experiments, they weighed approximately 25-30g. Food (dayne

Lab-31ox) 3nJ ap water were 3vailable ad lioitui. The animals were

naintaineJ in an air conlitioned facility with 12 hrs of alternating light

and dark. They were observed and kept for 14 Jays after the NoAsa,

injection.

Chemicals. DIPS in the form of its Na salt as a gift of Heyl and

Co., 3erlin. 3ince each nolecule of ,aDAPS has a 1olecula of 329

3ssociated with it, a nolecular weight of 223.2 was used in mol

calculations. DT43A and :I-acetyl-DL-penicillamine 'were purchased from

Aldrich Cha 'ical Co., Milwaukee, ,4I. D-penicillamine 'as a 3ift of Lilly

Hesearch Center, Ltd., 'dindlesham, Surrey. DL-thioctic acid and

ionomercaptosuccInic acid were purchased from Cal 3ioche-n. The
I0

polymercapto compounds listed in Table were donated by the Evans

Che.mstrizs, d. R. Grace Co., Darien, CT.

Biological studies. The LD5O of NaAsO2 was determined by injecting,

sC, various amounts of NaAsO2 dissolved in 0.91 saline. The concentrations

of the solutions were prepared so that a 25g animal would receive ).050 ml.

To determine the effectiveness of a compound in protectin3 against the

lethal effects of NaAs3 2 , the influence of the adainistration, ip, of that

-9-



zo.pound on the LD53 Of :4A.33 2 4as deter-nined. Solutions of the ner ZaptO

o.mpounJ3 4ere preparei -i;edia3tely before 1.3e in ).), saline, 3JjL.JtJ to

pH 3.5 isinj :4WJH and the zoncentration adjusted .o that a 25g no"3e wuij

receive ). 10 .mi. DL-tniotic 3ciJ wss Jissolved using a 1)' exzess of 1 51,

freshly prapared solition of !hHC 3 . The solution was then Orought to

qoltwe Aith 0.31 saline. Injections were iaJe usin; a 3.25'n glass syring-

dith a Ib. 25 needle of 1/2 inch length.

Statitical analysis. Experimental results were 3nalyzeJ using

luantal response nethodololy. A logistic re;ression .7odel wAs useJ to fit

the experinental Jat3 in, parameters were estimated ising the 3AD? progran

packge of Dixon and 3rown (35) on a CDC Cyber 175 digital conputer.

'-elian effective lose and correspondin3 931 -onfiJence intervals were

estimared following Finney (37).

R-_3ULT3 - ?ART 1

lone of the iice injected with NaAsC2 and saline surviveJ (Tabla 1).

The deaths occurred within 43 hours after arsenic administration. D1PS and

D"SA were found to be potent protective agents against the lethal aztion Of

3odium arsenita (Table 1) when either agent is given intraperitoneally

immneiately after laAsO2 . 3owever, two otner well-known, ieJically isefjl

chelating agents, D-penicilla-nine and 3-acetyl-)L-penicillanine, do not

protect (Tab.- ) under these conditions. The results with thes two

sulfhyiryl compounds are unexpected since tnere have been three reports of

the usefulness of penicillamine in the therapy of arsenic poisoning of

hunans (33,39,40). T
iowever, the clinical reports were OaseJ on syinpto atic

relief. 0Objective criteria were lackin3. lone of' the netal binJing aients

-10-



I -ist 31 in 731.3I is Ztoxio, inlividually7. at these J053s, unijer :';1Z

zoniitlon3 if taa prese nt axperinent3 (73bli 1).

n 3Jiior, ia :iav! Jat3riminad t.13t DIPS ir D43A neei not ':>iv!

i,.meiiataly aftar l~aAs2. 71Zh 3d-initration of !itnar on of .n3

,o.-fpounJs --an be lelay3d at 1east 2 'ioar3 3ani still b,? 3ffzctive (7hole 2).

)f even gr33ter inport3nae for any tnerape3ucic :or prop~IY13ctiZ potential is

tIat DAPS or DIZA is iffaztive !ven -inan piven Orally and prior to t~ia

Jiinistrartion Of th3 arsenic comipound (Table 3). Under tn!! present

ixperimzntal coniitions, they are affictive as Ora! prophylaztics against

arseni: intoxication.

IE3JLTS - ?137T 17

TIPS or TISA increase tne L053 of YlaAs, . -he LD53 -if s--.ozu.3neously

aininister9i 1Ia1sO cas found to be 0.132 and 0.127 i-nol/k3 in two separate
2

-!xperinlents (Tab!:le 4), Tien the Jata of tla t.4o axperi-nnts 4.!ra zon'biniai

and usai t~o determine the LD50, it was found to be fl.129 mnol/kg. Iie a

curve is remarkably steep, n3Vin3 a slopi of 43.75, if the proportion

surviVal VS Jose nodal is uS3J. 7The aninials that did not survive usually

died within three Jays after injection. .ihan t.4o ip injections of DIPS3

(0.30 inols D:IP3/k./injection) are given, one inmediately followin3 and tne

other ?3 .-in after the '13As3 , Itne LD50 Of 33AsO 2 i3 incrased-

Iapproxi.Mately 4.2-fold'to 3.533 mnol/k3~ (Table 5). Undear the san e

conditions, buit Using DISA instead of Y4PS, the LD53 of NaAsO is increased
2

about 4.!4-folJ to 0.573 vmol/kg (Table 5). The increase with DISA is only

about 5% mnora than when DAPS is given. Since the LD)S) of 'IaAs,)2 Plus 0:4P3

falls within the confidence interval of t.'ne LD53 of ~IaAs3 2 plus DISA, it



ippa-irs '.'1t th! efO2 f D-IPS aInJi J3A On the L33) of 3313sa, is

.!sseitially tn! sane inJ-.r t.nesB axparvi)nn3l collition3.

:t .~s 31so of interest to ieter'ine 3.11 2oipare tnea .naer3pau~iz inrex

:)f DAPS ini DASA. ilia therapeutic index under these zonJitions .4-1

letar-iin-e by Jivilin3 the LD5) of t.he Jiia,erapto oo:npouni by its ED53.

Th? lattzr valua is Weined as t',1 au-.nt of Jiier~apto 2ompou.ni J ro/;

protaectin3 531. Of the 3ninals 3jainst the lethal ef.fects of 3. 15 .-nol 1a1sD

/kI. This JOS! Of '13A30 2 , i~han given, kills 1031, of the aninals in tan.5

la3bora3tory. Th3 L:)5) of YIPS, .1ain 3ivei ip, .- sfound to be 3.22 .iiros/ky,

7 ltb la) F*or DISA. tn3 LD30 is 13.53 ,rnols/%3 (Table A)- .I en iica were!

lin '13Ws, ().13 32ml/; sWaIJ 10 lin lar .iera tr2atei, i'P, .4i t

iiffarnt 3T1OUft3 of DAP3. the ED50 .43S found to be 0.055 CmI< (T3ble

16). Thea EDSD unier these conditions for D:1SA 433 0.355 nmol/%j. TNhe

the!rapeutic index for Y4PS or D:ISA udler these conditions was 73 and 233,

respectively. rnain the DAP3 Or )AISA 4Jas -iven 33 Ain after tna :t3AsD,, tna

thrapeutic index was3 found to ba 35 ani 115, respectively.

Otner nerc3pto compounds. 0Othar ne3tal biniin3 agents wera also tested

for their activity in protectinZ3 gainst the lathal effects Of :JaAsQ'.

4?either D-pen ior 1-Ac-DL-P~n ::han3?3 the LD50 of 1Jahs0 2 si~nificantly at

the 35 lo-iel of significance (Table A). Other a3ants (data not shiown)

that were 3130 found to be ineffective in this respect are the sodi-n salt

of diethyldithiocarbanate, & -narcaptopropionyl3lycina,

DL-4-acetyihomnocysteinathiol3ctone, and -nonoiercaptosuccinic acid.

In 3eneral, it has been accepted that a comrpound With significant

antidotal action for arsenic toxicity should have 2 thiol groups. A serias

of polymercapto con1pounis havi13 from 2 to 4 mercapto groups par .nolecuie

have been obtained and tested for protecting 'Rice against .43As02. '4ona of



the 7 oOly't.iol 2o-pounis (73bl! 10) '.-r- activ in pritz.in3 -ie iLinst

an ipporoxi-iaza LDIOO of 'iiAC),

D CU31

lnl assay of 3,ent3 that binJ and/or nobilize h-3vy letals 2an be

oasel on 3 iunber of Jifferent neasurable responses. The basis of one type

of assay is the prevention or reversal of the lethal or toxic effects of

the particular heavy Metal. A second 3ssay is Dasi on the increase

exzretion of the iet3 by the putative netal oiniinl a-ent. There is,

loweier, increasin3 aviJen-ze th3t supports still 3nother ,a:hani.n.

lanely, 3 .etal bindin3 3jent sonetines forms an insoluble

ritabolically-inert zonplex with the letl. -13 conpIax, because of its

insolubility, is not excreted from the body. It remains in .he cell,

ietabolic31ly-inert ini non-toxic. Therefore, it is Possible that soe

metal binin; aent niVht be life savin3 without incrasinj the excretion

of the netal. This nechanisi has been proposed by Ctsch and Harnuth-ioene

('41) to explain the effectiveness of 1-acatyl-OL-penicillaine. For these

reasons we chose, 3s the basis of the assay used in the present worx, tne

prevention of the lethal action of 1aAsO2 . Eventually I quantitative

comparison will be nade of these a3ents as to their influence on the

excretion of 74 As.

The results of the experiments reported in this paper clearly Sno- the

beneficial effects of D:IP$ and D>SA in protecting against the lethal

effects of NaAsO2 . Either compound increases by about fourfold the LD5O of

4aAsO 2(Table 2). The ED50 of the two inercapto conpounds is approxi.nately

the same when 3iven 10 aim after NaAa3 2 (Table8 ). A lefinite Jiff.r.?nce

exists, however, betwe.n the LD5O of 5.22 mmols/kj for DAP3 and

-13-
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13.53mmols/k- for 1I3A (Tables 3 3ni 4). This is the reason tnat the

tn.irmpeutic index for DA31 is about 2.5 tinis ;r!atar than that for D'1P3

uialer tnese conditions (Table 3). The therapeutic index of -!ither DAP3 or

4SA, 7) and 219, respectively, inier these conditions, ho.iever, i3 not

anall. It is conceivable that the therapeutic index 'night be even 3reater

if sheller Josea were liven nore frequently. The ED50 of DA PS given 10

min or 35 .min after NaAsO2 are essentially similar to each other as dell 3s

bein- similar to the £D53 of D:4SA administered 10 min after 3IaAsC 2 . All of

these Jiffered fron the ED30 of DISA &iven 35 nin after 'aAsO 2 indicatin;

tnat the pharmacokinetic properties of DISA nust differ fro:m Lhose of DAlPS.

.[Aile an excellent extensive toxicological study of 9Y4?3 in rats 3as

ocen reported by Planas-3oine et al. (42), .4a are not aware of published

,o r kealin3 with the toxicology properties of D4SA. Such work would be of

further value in comparing the efficiency of these two useful dimerc3pto

c opounJs.

.4e have not studied BAL under these sane conditions since it is lipil

soluble while DAPS and DMSA are water soluble. %owever, BAL is

approximately 7 times nore toxic than DAPS and 19 ties nore toxic than

D' A, based on th. BAL LD50 of 0.725 mmol/kl, ip (43) anJ the data of this

paper (Tables 6 and 7). Also, :.auser and We;er ('44) have estimated BAL to

be about 15 tines nore toxic than DA4P3 When each was given im to nice.

They have also studied the influence of 3AL and D.PS on the treatment of

arsenic poisonin3 in -ice.

It is of interest to note that the LD5O of DAPS, ip, in mice, as

reported in this paper (Table 6) is 5.22 -mmols/kg and is comparable to the

value of 5.57 'nols/k& obtainel by Kostygov (45) ani 3.02 mmols/ki, ip, la

rats, as reported recently by Planas-3ohn3 at al. (42).
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The DISA LD50, ip, in lice was foj~ii to be 13.33 nm1/,(3 (T.hle 4j)

.ini 2o-npires fa3voribly ditna 12. 1 .11o3/'q, ip, foun i in ii-a oy3ih2i

~t31. (23) in .3han.yhi and Pekin3 anJ 14.0 -nnols/kg .ie3tariinei oy '1.3LJ

(5) in J3pWn. 11i LD53 in excess o)f 16.3 imols/k,; n.-3 oe3en rap'ortai )y

Frie'ihaim an-i Corvi (47). it is :iot c1ear dwicha-ir this latter ni;'her V3ije

is .Iua to a lifference in the nouse strains used or is due to a nii1har

purity -of DISA.

it is pertinent to point out. that the ,iesa formi of 0'1SA has oeen js3al

in the present stuly ani in anost of th puoli~heil reports concerning ).'3.

Tiere is, liowaver * one exception. DL-TISA has been reported to 'te nora

activa th3en iaes-DASA inl causing~ an increaaS in t~ie excretion :)f 203 :i;

U5.1 ? 5Z ~e ivei to ie1le r3ti zchallanlai :)y these neaas (34).-

In conclusion, 7131. -nd DA?S 3r.3 very effective 33p,113 for protectin-,

ice a3ainst tlia lethal effects of '4aA3J,. Li-iitaJ published reports fromn

the SovieL Jnion anti ninlani Claina h3ve alt dith their effectiveness in

humnans intoxicac3] by he~avy riatals. D'43A nas recently been .no.,rn ')y

.iastarn investigators to be effective in tra3tin3 lead intoxication of

hians (43). Further hum~an studies of these two Jiercapto zo12pounis is iot

unriasoriable and should be encoura3ed.p

These a~ents shouli be testai zxpirinentally as antidotas for lewisita

po130ninj whizh our 3roup is now planning -. ith the Aberdeen 1%L.



Table 1. Protection by DMPS and other thiols against the lethal effects of
sodium arsenite. The NaAsO 2 (0.14 mmoles/kg) was injected subcutaneously
in the right rear leg. The chelating agent was administered ip immediately
after the NaAsO 2. The chelating agents at these doses were not toxic, per
se, as shown by the following data. When saline instead of NaAs02 was
given, there was 100% survival of animals receiving the following compounds
(mmoles/kg) ip: DMPS (0.80); BAL (0.25); DMSA (0.25); D-Pen (0.80);
N-Ac-DL-Pen (0.80). There were at least 12 animals in each group.

Thiol Cumulative 21-day survival
Compound No. surviving/No, started
(mmoles/kg) Exp Exp Exp Exp Survival

ip I II III IV

(Saline) 0/12 0/12 0/12 0/12 0

0.80 DMPS 12/12 8/8 12/12 100
0.40 DMPS 12/12 100
0.25 DMPS 12/12 12/12 100
0.14 DMPS 12/12 9/12 87.5
0.07 DMPS 8/12 11/12 79

0.25 BAL 11/12 11/12 92
0.14 BAL 1/12 1/12 8

0.25 DMSA 12/12 12/12 100
0.14 DMSA 12/12 8/12 83
0.07 DMSA 6/12 10/12 67

0.80 D-Pen 0/12 0
0.25 D-Pen 0/12 0

0.80 N-Ac-DL-Pen 0/12 0
0.25 N-Ac-DL-Pen 0/12 0
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Table 2. Experimental therapy with DMPS or DMSA can be delayed after
arsenic poisoning. All animals received NaAs0 2 (0.14 mmoles/kg)
subcutaneously in the right rear leg. DMPS and DMSA were given ip. At the
start of the experiment, when NaAsO9 was given, there were 10 animals in
each group. However, in three of the experimental groups, one animal died
before DMPS or DMSA was administered. Therefore, those groups are listed
with 9 instead of 10 started.

Dithiol and time Cumulative 21-day survival Survival
after NaAsO 2 it No. surviving/No, started

was given Exp I Exp II

(Saline) 0/10 0/10 0

0.25 DMPS
at 60 min 9/10 7/9 84
at 90 min 9/10 9/9 95
at 120 min 8/10 9/10 85

0.25 DMSA
at 60 min 7/9 8/10 79
at 90 min 9/10 10/10 95
at 120 min 5/10 6/10 55
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Table 3. Prophylactic and oral activity of DMPS or DMSA. The NaAsO2
(0.14 mmoles/kg) was administered subcutaneously in the right rear leg.
DMPS or DMSA was given orally fifteen minutes prior to the NaAsO 2 . The
survival of control animals receiving 1.0 mmoles of DMPS per kg and saline,
instead of NaAsO 2 , was 100%.

Thiol Cumulative 21-day survival
Compound No. surviving/No, started Survival
(mmoles/kg) Exp I Exp 2 Exp 3 %

oral

(saline) 0/8 0/10 0/10 0

1.0 DMPS 8/8 8/10 89
0.75 DMPS 8/10 80
0.50 DMPS 6/10 10/10 80
0.25 DMPS 10/10 7/10 85
0.12 DMPS 0/10 0

1.0 DMSA 8/8 100
0.50 DMSA 10/10 100
0.25 DMSA 8/10 80
0.12 DMSA 4/10 40
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TA3L. 4

':D53 ) 33DIU.4 AR3E4ITE I' rie ' SOU3

.1As £xp. 1 £xp. 2 3immation
(mol/!<, sc) Dead Dead Dead

tere Starte Ster

3.03 0/3 --- 3/3

3.39 3/3 3/3

3.10 3/3 0/12 3/23

3.11 3/3 -- 3/3

3.12 1/3 2/12 3/23

3.13 3/3 7/12 10/20

3.14 7/3 12/12 19/?3

3.16 -- 12/12 12/12

L353 (rnmol/k3) 3.1315 3.1274 0.1233

)5' ^onfiJenze (3.122.0.253) (3.330,3.131) (3.125,3.139)

Interval

2 In subsequent tables 'f this papar, the data represent the combined results

of i nunber of separate experiments. Tae combined results were usel to

calculate the L050 listed in the tables. This has been Jone to take advant3ge

of the larjer number of animals, resulting from combination of tha Jata, for

c.Aculation of median doses and statistical evaluation of Jati. In adition, it

also saved space in this paper. The reason f~r the number of animals in somhe

groups differing from the nhuber in other groups in the same table is that very

often the combined data are the result of from 2-4 separate experiments in wiich

different numbers of animals were usei in each experi.ment. Other 4ise, the

experiments were perfored under identical conditions.
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TA3LE 5

2.3 *I'1E3CAPT3-1-?ROP l 3ULFTIATE )R IE3S.-DI:ERCAPTOSUCIIZ

ACID I'IZREASE3 THE LS0 OF 30DIU4 ASE'IITEa

D.APS DISA

( mnol/kg,3a2) Dead Dead
3tartei Start.-

3.35 0/12 2/14

0.40 3/24 3/24

3.45 0112 3/35

0.4 5 2/12 --

3.50 3/24 3/24

0.55 13/24 11/35

0.50 13/?4 15/35

0.55 -- 11/12

0.70 23/24 33/35

).75 -- 12/12

LD50 (,imol/kg) 0.533 :.573

-5'a' Confi1ence (0.492.3.590) (0.443,3.733)
Interv3l

aD:iPS or D:4SA, 0.30 i.ol/k, -.3s given, ip, im;ediately after ani 3 nins
3fter 'laAsG2 .
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rA3LZ 5

LD50 )F 3)I'1E.ICAPT3PROPA,'T3ULF?JIATE IN AICE

DA PS Dead
(.mo s / kg ip) Started

3.3 0/3

1.0 3/3

3.0 7/15

3.3 3/3

5.3 7/3

5.5 15/15

7.3 3/3

3.9 3/3

L050 (:m-nols/k3) 5.22

3' Confiienca (4.33, 5.51)

in".3rval



TAB3LE 7

L050 'i E3')-3I*.lE-CAPT:3SUzI'.Ilz Ad) I'l AIZE

:4 SA De al

5.0 0/32

12.3 3/32

13.3 3/12 '
14.3 3112

15.3 1)/24

13.0 17/20

24.0 3?/3:2

LD50 (m=rn1/kg) 13.53

35 ^.onfience 11.35, 15.22
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r.13LZ 3

3ETERII14TI"I )F T E ED5) AID r''iERAP7UTIC DEX )F
2,3-DI:IERCAPTO-1-?l3PA:J'E 3ULF;IC ACID, "1a3ALT, AID
.IE33-3IAERCAPTOSU:I:JIZ ACID IHEI 3IVEI 13 41lJUTES 3R

35 'IlUTES AFTER 0. 15 VIOLS 13AsO2 /K;

Di'. rcapto DM P3 D:I SA D4PS D'4SA
,\ ent *1, :min 10 .nin +35 min +35 min

(:-imol/kj, ip) n-.nber surviving/nunber started

3.313 -- 1/24 -- 3112
3.315 3/35 3/35 --
3.13 1/35 5/4 7/35 1/33
3.34) --- 5/--
).0345 5/24 3/24
3.15 10/24 -1 ---
3.363 5/24 13/24 13/24 5/33
3.3673 15/24 --

3.373 -- 9/23 -
3.075 21/24 -- 15/24 -
3.033 -- 13/24 -- 3/12
3.31) 20/2' -- 15/24 3/13
).133 ... .. 15/23
3.135 31/35 3--- 33/35
3.120 35/36 -- 34/35 3/12
3.125 -- 21/24 -- 13/17
0.150 ...-.. 21/33
3.153 . ...... 5/33
5.233 .... 37/45
3.303 35/33

ED53 (,nol/k3) 3.365 3.065 3.361 0.113

C3nfidence (0.359- (3.343- (3.343- (3.371-Int rvwal 3.072) 0.035) 3.372) 3.154)

Th erapeutic
Index 73 2-09 35 115
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TA3LZ 9

rI:IREAsE3 TELD33 )F 3DI ARSE:1ITE-)

A3A ,)3d D3ad O33

(vos~,sc) 3tarted Start2-j StartaJ

3.10 0/12 3/3 3/3

3.12 2/12 5/3 1/3

3.13 7/12 7/3 3/3

.15 12/1? 3/3 3/3

3. 23 - 3/3 11/3

US5) 0.iolg .127 .119 3.133

)5'. onfiien::a (333311 3.3073,). 191) (0.054,0.142)
in t rv 31

Inte3rval
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GLOSSARY

Abbreviations:

DMPS 2,3 dimercapto-1-propale-sulfoflic acid, Na salt

DNISA dimercaptosuccilic acid

BAL British Antilewisite or 2,3-dimercaptopropalol

C-pen D-penicil lainine

N-Ac-DL-Per' N-acetyl-DL-penicillamfifle
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